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Amendment filed September 5, 2006 * * 

Reply to OA dated April 3, 2006 

REMARKS 

Claims 59, 68- 75 and 77-78 are pending. 

All claims were amended in the same way, thus the support for the amendment to claims 59, 
68-74, 75 and 78 is found in the specification on p.26, lines 14-18; p.26, line 27 to p.27, line 2 and 
FIGS. 1 -3 . The applicants respectfully submit that no new matter has been added. It is believed that 
this Amendment is fiiUy responsive to the Office Action dated April 3, 2006. 

The applicant appreciates the interview v^th the Examiner and her supervisor on July 12, 

2006. 



One of the primary differences between the invention as now claimed and the prior art 

is that the determination of malignancy of the thyroid tumor is not determining whether the thyroid 
is " normal or malignant ", but determining whether the thyroid tumor is " benign or malignant." 

For instance, whether a thyroid sample is normal or tumor (whether a thyroid sample is 
normal or abnormal) can be determined only by common practices such as X-ray examination or 
naked eye examination. However, it is difficult to determine whether the thyroid tumor is benign 
or malignant only by such common practices. 

Therefore, the purpose of the claimed invention is to determine whether the thyroid tumor is 
" benign or malignant " (that is, malignancy of the thyroid tumor). So, since the present invention 
can determine whether the tumor thyroid is benign or malignant, it is a significant clinical 
advancement. 
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The Office Action suggests that there is no difference in the present invention and the prior 
art, like Tarutani, because in Figs. 1 to 3 of the present specification, there is a malignant sample of 
which the ratio is overiapping with the ratio of benign sample. However, this is a 
misunderstanding of the point of novelty of the claimed invention. The claimed invention is that 
benign and malignant can be distinguished by using the ratio of a specific thyroglobulin using the 
present method as explained below. 

In Figs. 1 to 3, there are parts that overiap in normal or benign and malignant. However, other 
than at the end points, the ratios of malignant have not overlapped the ratios of benign. That is, 
excluding the endpoints (end of the range), the ratio of malignant does not overlap with the 
ratio of benign in Figs.l to 3. Thus, it is possible to determine whether a sample is malignant but 
not benign. For instance, when the ratio of the sample is higher than the ratio of benign, the sample 
can positively be diagnosed malignant. 

The percent amount that the ratio of malignant is overiapped with the ratio of normal or 
benign in each Fig. 1 to 3 of the present specification was shown in the following table. 





Total Number 


Number of data that 
overlapped with 
benign (%) 


Number of data that 
overlapped with 
normal (%) 


Fig.l 


11 


1 (9.1%) 


1 (9.1%) 


Fig.2 


8 


1 (12.5%) 


3 (37.5%) 


Fig.3 


4 


0 (0%) 


1 (25%) 
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As is clear from the above table, the percentage of sample of which the ratio overlapped 
with the ratio of benign is less than 13%, based on the data presented in the speciflcation. In 

other words, other samples of which the ratio does not overlapped with the benign can be determined 
as malignant but not benign. 

And the ratio of benign is a ratio in the vicinity of the middle within the range of the ratio of 
malignant. That is, there is no range where the sample can be determined as malignant but not 
benign, at all. Therefore, it is impossible to distinguish the malignant from benign by the 
method of Tarutani. 

Claims 59, 68, 69, and 74 remain rejected under 35 USC 103(a) as being unpantentable 
over either Nakamura (US Patent 5,571,729; issued 11/5/1996) or Satomura (US Patent 
5,780,247, issued 7/14/1998; effective filing 1/5/1991) in view of either Yamamoto(of record), 
Tarutani(of record), or Survilo(Surivilo, L.L et al., Vestsi Akademii Navuk Belarusi, Seryya 
Khimichnykh Navuk, 4:103-107, 1997; abstract only). (Office Action, p.3) 

Claims 70, 71 and 78 remain rejected under 35 USC 103(a) as being unpatentable over 
Katoh(US Patent 5,591,589; issued 1/7/1997) in view of either Yamamoto (of record), Tarutani 
(of record), or Survilo(Surivilo, L.L et al., Vestsi Akademii Navuk Belarusi, Seryya 
Khimichnykh Navuk, 4:103-107, 1997; abstract only). (Office Action, p.3) 
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Claim 73 remains rejected under 35 USC 103(a) as being unpatentable over Canfield 
(WO/87/00289;) in view of Yamamoto (of record). (Office Action, p.4) 

Claim 75 remains rejected under 35 USC 103(a) as being unpatentable over 

Katoh(supra) in view of Canfield(WO/87/00289;) and further in view of Yamamoto(supra) for 

the reasons of record. (Office Action, p.4) 

The same four rejections above have been maintained for the reasons explained on p. 5-6 of 

the Office Action. In response to our previous arguments, it is commented (p.5, text lines 2-6): 

. ..Yamamoto clearly compares malignant thyroids to benign and to normal on at least 
on pages 138 and pages 142. Yamamoto teaches that thyroglobulin isolated from 
malignant thyroid tumor tissue has a different DEAE-cellulose ion exchange elution 
pattern from thyroglobulin isolated from benign and from normal thyroids (page 
138, first-2nd col.) (Emphasis added) 

The rejection also cites Yamamoto for teaching about levels of sialic acid in malignant tumors. 

In response to our previous arguments regarding a "double comparison" to both normal and 

benign, the Office Action stated (p.6, text lines 13-15): 

This is not found persuasive because all of the cited references include a comparison 
of lectin reactivity for thyroglobulin isolated from malignant to lectin reactivity for 
thyroglobulin from benign and from normal. (Emphasis added) 

According to the Examiner on p. 7, text lines 3-4 the Yamamoto teachings provide the nexus between 
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differential glycosylation and malignancy of thyroids. 

In response, the applicant has analyzed the data in the specification to make it comparable to 
that of the prior art, for example Tarutani, to cleariy show the difference between the claimed 
invention and that in the prior art. 

First, Figs. 1 to3 of the present specification have been prepared showing the results of statistical 
analysis (error analysis) of a two-sample t test (Welch's method). The results of statistical analysis are 
referred to by a reference (Arch Pathol Lab Med. 1998 Aug; 122(8): 715-720. A copy of the reference is 
enclosed. Note that the first author, Maruyama M, is one of the present inventors, and the publication date 
(August 1998) is later than the priority date of the present application (June 30, 1998). The left figure of Fig. 
1 ofthe reference corresponds to Fig. 1 ofthe applicant's specification. The right figure ofFig. 1 ofMaruyama 
corresponds to Fig. 2 ofthe present specification and Fig. 2 of Mamyama corresponds to the ^plicant's Fig. 
3. The discussion ofthe Figures is on p.717, right column, line 1 to p.718, left column, line 20. 

A two-sample t test (Welch's method) is used for analyzing the difference of means between two 
samples by using significance probability (p). The lower value of significance probability means the higher 
significant difference between two samples. Generally, significance probability between two samples is lower 
than 5% (p<0.05), it is detemiined that there is significant difference between two samples. 
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Fig.l: The ratio of Tg(s) not bound to Con A (%) was 4.48 ± 2.73% (mean ± SD; n= 11 ) for papillary 
carcinoma, 0.2 1 + 0. 1 8% (n=5) for benign thyroid adenoma, 0.36 ± 0.20% (n=5) for Graves' disease, and 
0. ±0 .00% (n=5) for normal tissues. The values for papillary carcinoma tissues were significantly higher 
than those for Graves' disease, benign thyroid adenoma, and normal tissues ( p<0.001). 
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Fig.2: The ratio ofTg(s) not bound to RCA120 (%) was 2.78 ± 2.35% (mean±SD, n=7)for papiUary 
carcinoma, 0. 12 + 0. 1 1% (n=5) for Graves' disease, and 1.43 ± 0.70% (n=4) for normal tissue. In the case of 
RCA-120, the differences betweoi the ratio of Tg(s) not bound to RCA120 (%) for papillary carcinoma and 
Graves' disease (p <0.005), as well as between papillary cardnoma and normal tissues (p<0.05), were 
statistically significant. 
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Fig.3: The ratio of Tg (s) not bound to Con A (%) was 0.83 ± 0.32% (n=4) for follicular 
cardnoma, 3.82 ± 2.12% (n=7) for follicular adenoma, and 0.18 ± 0.00% (n=5) for normal tissues. The 
values for the follicular adenoma were significantly higher than those for follicular cardnoma (p<0.05), 
however, there were no differences in unbound Tg(%) between follicular carcinoma and normal thyroid tissues. 
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Thus, the analysis above proves that within a small margin or error, the applicant's claimed method 
is viable, whereas no such method is disclosed anywhere in the combination of prior art references. In feet, the 
data shown by Tarutani does not yield results according to the claimed method, as shown below. 

Secondly, in order to compare the Tarutani Figure mentioned above with Fig l and Fig.3 of 
the present invention directly according to the Examiners' request, the Tarutani Figure is presented as 
follows: That is, No.l of X-axis changed from 1 (normal) to malignant, No.3 of X-axis changed from 
3 (malignant) to normal. Regimen of Y-axis was changed to the same with the figures of the present invention 
(ratio of Tg(s) not bound to Con A (%)). 
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First, in Fig.l of the present invention, the 1st column (the most left column) is related to papillary 
carcinoma (malignant), the 2nd and 3rd column are related to benign thyroid adenoma and Grabes' disease, 
respectively (benign), and the 4*** column (the most right column) is related to normal. As is clear from Fig. 
1, the malignant data are clearly higher than the benign data. 

In Fig. 3 of the present invention, the 1 st column (the left column) is related to follicular carcinoma 
(malignant), the 2nd column (the middle column) is related to follicular adenoma (benign), and the 3rd 
column (the right column) is related to normal. As is clear from Fig. 3, the malignant data are clearly lower than 
the benign data. 

In contrast, the benign data in the middle of the range of the malignant data in new figure of 
Tarutani, so that malignant cannot be distinguished from ben^ 

From the above results, it is clear that malignant can distinguish from benign by the 
present invention, though the malignant cannot distinguish from benign by the data of 
TarutanL 

The difference between the present invention and Tarutani can be explained as a difference 
of measuring method of the thyroglobulin. 

Tarutani measures an amount of water-soluble protein using absorbance of E and the 
obtained amount is assumed to be the amount of Tg. The thus obtained soluble protein amount may 
contain Tg and other water-soluble proteins. That is, Tamtani does not quantify the Tg amount 
specifically. Therefore, the amount of water-soluble protein is not equal to the amount of Tg. 



U.S. Patent Application Serial No. 09/340,196 
Amendment filed September 5, 2006 
Reply to OA dated April 3, 2006 

On the other hand, the claimed invention measures an amount of Tg specifically by 
unmunoassay using the anti-Tg antibodies. Therefore, the obtained amount is equal to the 
amount of Tg itself. 

Therefore, based on an analysis of the applicant' s data compared with that shown in the prior 
art as well as a comparison of the methods disclosed in the prior art, the applicant asserts that 
reference in combination, Nakamura, Satomura, Yamamoto, Tarutani, Survilo, Katoh and Canfield 
cannot possibly disclose or make obvious the invention as now claimed. 

It is therefore requested that the above four rejections be reconsidered and withdrawn. 

Clauns 59, 68, 69, and 74 remam rejected under the judicially created doctrine of 
obviousness-type double patenting as bemg unpatentable over clauns 1, and 5-9 of US Patent 
No.5,780,247 m view of either Yamamoto (of record), Tarutani (of record) or Survilo(Surivilo, 
L.L et aL, Vestsi Akademii Navuk Belarusi, Seiyya Khunichnykh Navuk, 4:103-107, 1997; 
abstract only). (OflSce Action, p.7) 

The applicants acknowledge this double patenting rejection and assert that a terminal 
disclaimer can be filed to overcome the rejection when the other claims are found allowable. 

Clauns 70, 71 and 78 remain rejected under the judicially created doctrine of 
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obviousness-type double patenting as being unpatentable over claims 1 and 3 of US Patent 
No.5,591,589 in view of either Yamamoto (of record), Tarutani (of record) or SurvUo(Surivilo, 
L.L et aL, Vestsi Akademu Navuk Belarusi, Seryya Khimichnykh Navuk, 4:103-107, 1997; 
abstract onty). (Office Action, p. 8) 

The applicants acknovsdedge this double patenting rqection and assert that a terminal 
disclaimer can be filed to overcome the rejection when the other claims are found allowable. 
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if, for any reason, it is felt that this application is not now in condition for allowance, the 
Examiner is requested to contact the ^plicants undersigned attorney at the telephone number 
indicated below to arrange for an interview to expedite the disposition of this case. 

In the event that this paper is not timely filed, the applicants respectfiJly petition for an 
appropriate ©ctension of time. Please charge any fees for such an extension of time and any other fees 
which may be due with respect to this paper, to Deposit Account No. 01-2340. 



RespectMy submitted. 



ARMSTRONG, KRATZ, QUINTOS, 
HANSON &.eRpOKS, LLP <^ 
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A Method to Differentiate Between Thyroglobulin 
Derived From Normal Thyroid Tissue and From Thyroid 
Carcinoma Based on Analysis of Reactivity to Lectins 

Masayuki Maruyama, MD; Ryoji Kato; Shinya Kobayashi, MD, PhD; Yoshio Kasuga, MO, PhD 



• Objective, — The composition of sugar chains on thyro- 
globulin (Tg) produced in thyroid carcinoma cells (C-Tg) is 
different from Tg produced in normal thyroid tissues (N- 
Tg). In this study, we designed a new method for detecting 
Tg derived from thyroid carcinoma based on the differ- 
ences between C-Tg and N-Tg in the reactivity with lectins. 

Materials and Methods. — Thyroglobulin preparations ob- 
tained from various thyroid tissues were incubated with 
lectins, and the amount of lectin-unbound Tg (ub-Tg) in 
the supernatant relative to Tg untreated with lectin was 
determined by enzyme-linked immunosorbent assay and 
expressed as ub-Tg(%). In addition, to study further the 
differences in glycosylation between C-Tg and N-Tg^ con- 
canavalin A binding to Tg digested with Staphylococcus 
aureus V8 protease was analyzed on nitrocellulose mem- 
brane after Western blotting, 

Resuits. — The ub-Tg(%) in C-Tg from papillary carcino- 
ma was significantly higher than in Tg from Graves' dis- 



ease, benign goiter, and norma! thyroid tissue for both con- 
canavalin A and ricinus communis agglutinin-120. Concan- 
avalin A did not appear to bind to Tg from papillary car- 
cinoma after V8 treatment by Western blot analysis. The 
ub-Tg(%) in Tg from follicular adenoma was significantly 
higher than C-Tg from follicular carcinoma, whereas there 
were no differences in ub-Tg(%) between follicular carci- 
noma and normal thyroid tissue in concanavalin A treat- 
ment. 

Conclusions. — These results suggest our new methods 
can distinguish both between C-Tg from papillary carci- 
noma and Nf-Tg, and between follicular carcinoma and fol- 
licular adenoma in thyroid tissue specimens. Thus, this type 
of analysis may be applicable to differentiate C-Tg from N- 
Tg in thyroid aspirates for the adjunctive cytodiagnosis of 
thyroid carcinoma, 

{Arch Pathol Lab Med. 1998;122:715-720) 



The composition of sugar chains on thyroglobulin (Tg) 
produced in thyroid carcinoma cells (C-Tg) is known 
to be different from that produced in normal thyroid tis- 
sues (N-Tg).'-^ Miscellaneous lectins have been used to 
study the differences in carbohydrate structures on Tg 
from thyroid carcinoma and normal thyroid tissues. Ta- 
rutaiu and Ui* demonstrated that Tg from thyroid carci- 
noma was unretarded on concanavalin A (Con A) col- 
unrms, in contrast to Tg from normal thyroid tissue. Con- 
sequently, we designed a new method for detecting Tg 
derived from thyroid carcinoma based oh the differences 
of the reactivity of Tg to lectins. 

MATERIALS AND METHODS 
Subjects 

Thyroid tissue specimens were obtained at surgery, and the 
diagnoses of the thyroid specimens were confirmed by pathologic 
examination as follows: 21 specimens of papillary carcinoma, 4 
specimens of follicular carcinoma, 7 specimens of follicular ade- 
noma, 5 specimens of benign goiter, 5 specimens of Graves' dis- 
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ease, and 15 specimens of normal tissues (areas surrounding thy- 
roid carcinoma). Tissues were stored at — SC^C until use. 

Production of Antibodies 

Rabbits were injected subcutaneously with a mixture contain- 
ing 50 ji.g of purified Tg derived from normal thyroid tissue in 
complete Freund's adjuvant on day 0. This was followed by three 
more injections on days 14, 28, and 42 in incomplete Freund's 
adjuvant. After test-bleed on day 56, 10 to 15 more injections with 
50 |xg Tg in incomplete Freund's adjuvant were administered. 
Sera were tested for antibody binding activity by a passive par- 
ticle agglutination method for Tg (Serodia-ATG; Fujirebio Inc, To- 
kyo, Japan), and those sera with a titer of 10 X 2'*' or higher were 
selected. Anti-Tg antibodies were then further purified by filtra- 
tion on a Tg-sepharose 4-B column (Pharmacia LKB Biotechnol- 
ogy, Bucks, England) for use in Western blot analysis. 

Preparation of Tg From Various Thyroid Tissues 

A piece of frozen tissue was homogenized in phosphate-buf- 
fered saline (PBS, pH 7.5) containing 1 mmol/L phenylmethyl- 
sulfonyl fluoride (Sigma Biosciences, Dorset, England) and was 
centrifuged at 30000^ for 5 minutes at 4X. The supernatant was 
mixed with an equal volume of saturated ammonium sulfate for 
30 minutes at 4°C, and the mixture was centrifuged at 10000^ 
for 30 minutes at 4*C. Thyroglobulin-containing precipitate was 
dissolved in PBS and dialyzed against PBS overnight at 4*0. Mac- 
romolecular fractions were then purified by gel filtration on an 
AG\34 column (Pharmacia LKB) from the precipitate. The ac- 
curate concentration of Tg in these fractions was determined by 
the previously reported enzyme-linked immunosorbent assay for 
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Tg (Tg-ELISA)^ and adjusted to a conceni 
for ELISA and 5 mg/mL for Con A binding^ 



Preparation of Various Lectins and Sugar Solutions 

The following lectins were used in this study: Con A, ricinus 
communis agglutinin-120 (RCA-120), and wheat-germ agglutinin 
(WGA), all obtained from Honen Oil Ltd, Tokyo, Japan. The lec- 
tins were diluted in PBS at concentrations of 0.1, 0,2, 0.3, 0.5, and 
1 mg/mL before use. Sugars used for testing the specificity of 
binding of lectins with Tg were a-mannose (Man), ^-galactose 
(Gal), ^/-acetyl-D-glucosamine (GluNAc), N-acetyl-o-galactos- 
amine (GalNAc), a-fucose (Fuc), and N-acetylneuraminic acid 
(NANA), all obtained from Seikagaku Kogyo Co Ltd, Tokyo, Ja- 
pan. The concentrations of sugar in solutions were 0, 0.01, 0.1, 1, 
10, and 100 mg/mL. 

Treatment of Specimens With Lectins and 
Measurement of Tg 

Fifty microliters of the partially purified Tg preparation ob- 
tained from the surgical specimens (papillary carcinoma, n = 11; 
follicular carcinoma, n = 4; follicular adenoma, n = 7; benign 
goiter, n =^ 5; Graves' disease, n = 5; and normal thyroid tissue, 
n = 5) were mixed with 50 p.L of various lectin solutions and 
incubated at 4°C overnight. For control experiments, samples 
with addition of PBS only (without lectin) were incubated in the 
same way. The mixtures were then centrifuged at 3000^ for 20 
minutes at 4'*C to remove the lectin-bound Tg. The residual un- 
bound-Tg (ub-Tg) in the supernatant or Tg untreated with lectin 
in the supernatant was determined by Tg-ELISA,^ In brief, mi- 
croplates (Nalge-Nunc, Rochester, NY) were coated with 5 p-g of 
mouse anti-thyroglobulin monoclonal antibody (TgAb) in PBS 
and then blocked with 1% fetal calf serum in PBS. One hundred 
microliters of 1% fetal calf serum in PBS followed by 50 ^.L of 
Tg preparation or standard Tg solutions were added to the wells, 
and the samples were incubated for 1 hour at 20*'C. The plates 
were washed three times and then incubated for 1 hour at 20°C 
with a 1:10** dilution of TgAb horseradish peroxidase conjugate. 
After washing, 100 p.L of 3,3',5,5'-tctramcthylbenzidine in a mi- 
crowcll peroxidase substrate system (Kirkegaard & Perry Labs 
Inc, Gaithersburg, Md) was added, and the plates were incubated 
for 30 minutes at 20°C. Finally, 50 p.L of 1 mol/L phosphoric acid 
(H3PO4) was added to stop the reaction, and the optical density 
at 450 nm was measured. Background values for control wells 
without Tg, which were subtracted from test wells, were always 
less than 0.05 optical density units. 

The ub-Tg(%) was defined as follows: 

Te Unbound to Lectin 

ub-TK{%) = ; X 100. 

^ Tg Untreated With Lectin 

Determination of the Optimum Amount of Lectin for 
Incubation With Tg 

The solutions containing Tg derived from papillary carcinoma 
and normal thyroid tissue (one case each) were incubated with 
each of the three lectin (Con A, RCA-120, and WGA) solutions in 
mass ratio of Tg to lectin from 1:0 to 1:10. The ub-Tg(%) was 
determined relative to Tg not treated with lectin, which was ex- 
pressed as 100%. Then, the ub-Tg ratio was calculated in each 
Tg: lectin ratio as follows: 



ub-Tg Ratio = 



ub-Tg (%) in Carcinoma 

ub-Tg("/>) in Normal Thyroid Tissue' 



Effect of Lectins on Tg Determination in ELISA 

Fifty microliters of various concentrations of the three lectins 
was added to wells coated with TgAb, and the wells were in- 
cubated for 1 hour After washing, the standard Tg preparation 
was added, and Tg was measured as described above. Thyro- 
globulin concentration determined in this assay was compared 
with that measured by ordinary Tg-ELISA. 
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Analysis of the Specificity to Tg-Lectin Binding 

To examine the specificity of the reaction between the lectins 
(eg. Con A and RCA-120) and Tg, 50 p.L of various concentrations 
(0, 0.01, 0.1, 1, 10, and 100 mg/mL) of six different sugars (Man, 
Gal, GluNAc, GalNAc, Fuc, and NANA) were added to the re- 
action mixture of Tg with lectin, followed by incubation as de- 
scribed above. 

Treatment of Tg With V8 Protease 

One hundred microliters of Tg preparation (5 mg/mL) ob- 
tained from surgical specimens (papillary carcinoma, n = 10; 
normal thyroid tissue, n = 10) was incubated at 37°C for 1 hour 
with 10 M-L of Staphylococcus aureus V8 protease (V8; Sigma) so- 
lution (20 mg/mL) in PBS; the Tg to V8 protease ratio was 25:1. 

Sodium Dodecyl Sulfate-Polyacrylamide Gel 
Electrophoresis and Western Blot Analysis 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) was carried out according to the method of Lae- 
mmli.** The samples were run on the 9% SDS-PAGE; molecular 
weight standards (Bio-Rad, Tokyo, Japan) were included on each 
gel Electrophoresis was carried out for 2 hours at constant 25 
mA. Western blot analysis was performed according to the meth- 
od of Towbin et al.' The separated proteins were transferred elec- 
trophoretically onto nitrocellulose membrane for 1 hour at 150 
mA and blocked for 1 hour in 1:5 diluted BlockAce (Dainihon 
Seiyaku Ltd, Osaka, Japan) in PBS. 

Mouse Anti-Thyroglobulin Monoclonal Antibody and 
Con A Binding to Tg Blotted onto Nitrocellulose 
Membrane and Protein Staining 

The membranes were incubated with a 1:50 dilution of rabbit 
polyclonal Tg antibody for 1 hour at ST^C After rinsing, the 
membranes were incubated for 1 hour at 37°C with horseradish 
peroxidase-conjugated goat anti -rabbit IgG (Kirkegaad & Perry). 
The Tg-TgAb complex was chemically visualized using diami- 
nobenzidine (fsfakarai Kagaku Ltd, Kyoto, Japan). Or, in separate 
experiments, the membranes were incubated with horseradish per- 
oxidase-labeled Con A (Dakopatts, Glostrup, Denmark) diluted 1: 
300 and incubated for 1 hour at 20°C. After rinsing, the signal was 
chemically developed with diaminobenzidine. Furthermore, pro- 
teins transferred onto the membrane were stained with 1% Amido 
Black lOB (Wako Pure Chemical Industries, Osaka, Japan) for no 
more than 5 minutes and then rinsed in 7% acetic add. 

Statistical Analysis 

A two-sample t test (Welch's method) was applied for the sta- 
tistical analysis. 

RESULTS 

Determination of Optimum Amount of Lectin for 
Incubation With Tg 

In preliminary experiments, Tg preparations w^ere in- 
cubated with lectins at different ratios (from 1:0 to 1:10), 
and the ub-Tg{%) ir\ the case of papillary carcinoma 
ranged from 0.6% to 100% for Con A, 5% to 100% for 
RCA-120, and 62.4% to 100% for WGA (Table). In normal 
thyroid tissue, the amount of ub-Tg(%) ranged from 0.1% 
to 100%, 0.8% to 100%, and 91.9% to 100% for Con A, 
RCA-120, and WGA, respecHvely (Table). The highest ub- 
Tg ratio (63.0) between papillary carcinoma and normal 
thyroid tissue was found when Tg and Con A were in- 
cubated at a ratio of 1:3 (Table). For RCA-120, the best ub; 
Tg ratio (8.3) was found at a Tg-RCA-120 ratio of 1:3. For 
WGA, there was no difference between binding of lectin 
to Tg from papillary carcinoma and normal thyroid tissue. 
Consequently, in all subsequent experiments a ratio of 1:3 
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Fig 1. — The ub-Tg{%) (see text for definition) of various thyroid tissues. In concanavalin A (Con A)-trcatcd sompies, the values for fKipilhry 
carcinomn tissue were significantly higher than those for G/vives' disease, benign goiter, ttnd normal tissues {P < .001). In the c.ise of ricinus 
communis agglutinin- 120 (RCA-llOK the differences between uh-Tg(%) for papilLiry circinoma and Craves' disease {? < .005), as well as between 
papillary carcinoma and normal tissues (P < .05), were statistically significant. 



was used for incubations of Tg with Con A or RCA-120, 
and incubations with WGA were discontinued. 

Effect of Lectins on Tg Determination in ELiSA 

The three lectins (Con A, RCA-120, and WGA) had no 
effect on Tg detern\ination in ELISA up to 50 mg/mL 
(data not shown). 
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Analysis of ub-Tg(%) in Various Thyroid Tissues 

Results of analysis of ub-Tg(%) in samples from papil- 
lary carcinoma, benign goiter. Graves' disease, and normal 
thyroid tissues are shown in Fig 1 . In Con A-treated sam- 
ples, the ub-Tg(%) was 4.48 ± 2.73% (mean ± SD; n = 
11) for papillary carcinoma, 0.21 ± 0.18% (n = 5) for be- 
nign goiter, 0.36 ± 0.20% (n = 5) for Graves' disease, and 
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Fig 2. — The ub'Tg(%j (see text for definition) of follicular carcinoma 
and follicular adenoma. In concanavalin A (Con A) treatnyent, the ub- 
Tg(%) values for the follicular adenoma were significantly higher than 
those for follicular carcinoma iP < .05). 



0-18 ± 0% (n = 5) for normal tissues. The values for pap- 
illary carcinoma tissue were significantly higher than 
those for Graves' disease, benign goiter, and normal tis- 
sues (P < .001). The ub-Tg(%) values in the RCA-120- 
treated group were 2.78 ± 2.35% (mean ± SD; n = 7) for 
papillary carcinoma, 0.12 ± 0.11% (n = 5) for Graves' dis- 
ease, and 1.43 ± 0.70% (n = 4) for normal tissue. In the 
case of RCA-120, the differences between ub-Tg(%) for 
papillary carcinoma and Graves' disease (P < .005), as 
well as between papillary carcinoma and normal tissues 
(P < .05), were statistically significant. 

Results of analysis of ub-Tg(%) in Con A-treated sam- 
ples from follicular carcinoma and follicular adenoma are 
shown in Fig 2. The ub-Tg(%) was 0.83 ± 0.32% (n = 4) 
for follicular carcinoma and 3.82 ± 2.12% (n = 7) for fol- 
licular adenoma. The values for the follicular adenoma 
were significantly higher than those for follicular carci- 
noma (P < .05); however, there were no differences in ub- 
Tg(%) between follicular carcinoma and normal thyroid 
tissues. 

Analysis of the Specificity ofTg-Lectin Binding 

Addition of increasing concentrations (up to 100 mg/ 
mL) of Man to the reaction mixture of Tg and Con A 
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resulted in the inhibition of binding of Tg to Con A (ie, 
ub-Tg increase) (Fig 3). The effects of NANA and GluNAc 
were smaller whereas Gal, GalNAc, and Fuc had no effect 
on Tg binding to Con A (Fig 3). Increasing concentrations 
of Gal (up to 100 mg/mL) inhibited binding of Tg to RCA- 
120 in a dose-dependent manner, whereas Man, GluNAc, 
NANA, GalNAc, and Fuc had no effect (Fig 3). 

Analysis of Con A Binding to Tg Blotted Onto 
Nitrocellulose Membrane 

There were no differences between intact Tg from pap- 
illary carcinoma tissue and normal thyroid tissue in pro- 
tein staiiung pattern, reactivity with TgAb, or Con A bind- 
ing. When Tg after treatment with V8 protease was ana- 
lyzed, the protein staining pattern and the reactivity with 
TgAb were not different for either C-Tg from papillary 
carcinoma tissue or N-Tg. However, Con A did not appear 
to bind to C-Tg after V8 treatment, whereas it reacted well 
with N-Tg treated in the same way (data not shown). 

Similar results were obtained in each case of Tg from 
10 papillary carcinomas and Tg from 10 samples of nor- 
mal thyroid tissue surrounding the carcinoma. 

COMMENT 

Thyroglobulin is a macromolecular glycoprotein of 660 
kd with a sugar content of approximately 10%. ^"-^^ There 
are two types of sugar chains on N-Tg, namely. Unit A 
and Unit B. The former is characterized by high-mannose- 
type sugar residues*^ and the latter by mixed type.*^ In 
contrast, the sugar chains in C-Tg nave three to five 
branches and are composed of complex-type sugar resi- 
dues,* The characteristics of Tg in patients' serum and 
metastatic fod reflect characteristics of Tg in primary thy- 
roid carcinoma. ^5 Therefore, the ability to distinguish C- 
Tg from N-Tg will contribute to more accurate diagnosis 
of thyroid carcinoma. 

The principle of the method developed in this study is 
based on the observation that there are differences be- 
tween reactivity of sugar chains in C-Tg and N-Tg with 
lectins. In other words, weaker binding of lectin to sugar 
chains in C-Tg compared with N-Tg may be detected as 
an increase in the ub-Tg(%). The ub-Tg could be regarded 
as fractions of C-Tg that were not absorbed on lectin af- 
finity chromatography in former studies.- **-^'''^'' In the pres- 
ent experiment, although Tg preparations may have con- 
tained proteins other than Tg, the Tg concentration in the 
solutions before and after treatment with lectins could be 
confirmed accurately by Tg-ELISA. 

First, the effect of lectins on Tg determination in ELISA 
Wcis examined. The deternunation of standard Tg concen- 
trations was not affected by high concentrations of lectins 
(up to 50 mg/mL), therefore the presence of lectins did 
not interfere in the short time of reaction (1 hour) of TgAb 
to Tg in the first phase of Tg-ELISA. 

The specificity of the reaction between the lectin and Tg 
was then analyzed using various concentrations of six dif- 
ferent sugars. Concanavalin A binding was inhibited 
mainly by Man, but also to some extent by GluNAc and 
NANA (Fig 3), thus confirming Con A specificity for these 
types of sugar residues.'^ RCA-120 appeared to react spe- 
cifically with Gal (Fig 3). There were no differences be- 
tween papillary carcinoma and normal thyroid tissue in 
the inhibition of different lectins' binding by addition of 
sugars, except that slightly elevated ub-Tg(%) in C-Tg 
without sugars was observed. These results suggest that 
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Fig 3. — Effects of various concentrutions of different sugars on concHnnvafit) A (Con A) unci ricinus communis aggfutiniii-120 (RCA-120} binding 
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although sugar chains on C-Tg are similar to those on N- 
Tg, there may be some heterogeneity in sugar residues 
associated with C-Tg. This is in agreement with the find- 
ings reported by Change ^' who stated that the reactivity 
of various lectins with Tg in colloid studied by histochem- 
ical staining techniques showed heterogeneous patterns in 
thyroid carcinoma. 

The ub-Tg(%) might depend on the reaction ratio of Tg 
to lectin. More binding of Tg to lectin may occur in pro- 
portion to the amount of lectin. Therefore; the optimum 
amount of lectin for incubation with Tg was determined 
as the ub-Tg ratio. The highest ub-Tg ratio (63.0) between 



papillary carcinoma and normal thyroid tissue was found 
when Tg and Con A were incubated at a 1:3 ratio (Table). 
In the case of RCA-120, the best ub-Tg ratio (8.3) was 
found at a Tg-RCA-120 ratio of 1:3. 

On the basis of these preliminary experiments, ub- 
Tg(%) in Tg preparations obtained from various thyroid 
tissues was measured. The ub-Tg(%) in C-Tg from pap- 
illary carcinoma was significantly higher than that in other 
types of thyroid tissue with both Con A and RCA-120 (Fig 
1). 

In addition^ to study further the differences in glyco- 
sylation between C-Tg in papillary carcinoma and N-Tg, 
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Con A binding to Tg digested with V8 protease (V8 Tg) 
was analyzed on nitrocellulose membrane after Western 
blotting. V8 protease, which was isolated from Staphylo- 
coccus aureus (V8 strain), specifically cleaves peptide link- 
ages on the carboxyl terminal side of either asparatic add 
or glutamic add.^ Although there were no differences in 
reactivity with TgAb in the cases of both intact Tg and 
V8 Tg, Con A did not appear to bind to Tg from papillary 
carcinoma after V8 treatment, whereas it reacted well with 
V8 Tg from normal tissue. These results suggest that the 
analysis of reactivity with TgAb may be of less use to 
distinguish C-Tg from N-Tg (despite die findings that the 
primary protein structure as well as the conformational 
Structures of C-Tg are different from those of N-Tg'*), but 
the examination of reactivity with Con A in Tg after treat- 
ment with V8 protease can practically contribute to the 
differentiation of C-Tg from N-Tg. 

The differentiation of follicular cardnoma and follicular 
adenoma is dependent on finding capsular invasion on 
histopathologic examination.^^ Consequently, this distinc- 
tion cannot be reliably made by cytodiagnosis using fine- 
needle aspiration. Therefore, our findings that the ub- 
Tg(%) values for follicular adenoma are significantly high- 
er than those for follicular carcinoma may be of use in 
differentiating between these entities when the aspirates 
obtained from thyroid nodules, shovsdng any suspicion of 
follicular tumors by cytodiagnosis, are tested. Although 
there were no differences in ub-Tg(%) for Con A between 
follicular carcinoma and normal thyroid tissues, examin- 
ing ub-Tg(%) with different kinds of lectins may be help- 
ful to facilitate their differentiation. 

Thus, the determination of ub-Tg(%) and analysis of lec- 
tin binding to Tg digested with V8 protease (V8 Tg) 
should allow for the differentiation of C-Tg and N-Tg in 
thyroid aspirates for cytodiagnosis and consequently may 
be useful for the adjunctive diagnosis of thyroid cardno- 
ma. 

The authors thank J. Furmaniak, MD, FIRS Laboratories RSR 
Ltd (Cardiff, United Kingdom) for her critical review and helpful 
suggestions regarding our manuscript. 
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